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The important economic and societal role of small and medium-sized companies has been drawing considerable attention in developing countries, newly industrialized countries as well as in markedly developed countries. In 1998, the General Conference of the International Labour Organization (ILO) approved the Job Creation in Small and Medium-Sized Enterprises Recommendation (R 189) 1) in which they emphasized that small and mediumsized enterprises, as a critical factor in economic growth and development, are increasingly responsible for the creation of the majority of jobs throughout the world, and thereby help create an environment for innovation and entrepreneurship. On the other hand, it has been noted that the working condition in small and medium-sized companies may be sub-optimal in some countries 2, 3) . In Japan, small and medium-sized companies play a very substantial part in the national economy and provision of employment. Small and medium-sized companies with under 300 employees accounted for 99.7% of all companies, and 88.0% of all employees in 2004 4) . Furthermore, small companies with under 50 employees accounted for 97.4% of all companies, and 63.5% of all employees 4) . In this way, despite the qualitative and quantitative importance of small and medium-sized companies to the industrial activity of Japan, from the standpoint of industrial hygiene, the vulnerability of such enterprises must be recognized. This can be attributed to a number of factors including the subordinate nature of smaller companies to larger ones, immaturity of management organizations, insufficient human resources, and delayed adoption of new technologies and equipment. As a consequence, in general, working conditions tend to be poorer, the work environment is worse, there is more hazardous work associated with higher rates of industrial accidents and occupational disease, middle-aged and/or female workers are more numerous, worker safety measures are more likely to be neglected, and there is a greater dependence on unstable sources of labor such as part-time workers than is the case in larger companies.
Meanwhile, the health status of workers in small companies (especially those with fewer than 50 workers) has not been clarified in detail due to the fact that small companies are not legally obliged to provide the results of health checkups to the Labor Standards Inspection Office. In 2004, the Japanese Ministry of Health, Labour and Welfare surveyed the health status of workers all over the country and revealed that the rate of laborers showing no findings in health checkups was lower for every item in smaller companies 5) . This implies that the health status of workers worsens as company size decreases. To devise effective measures to promote industrial hygiene and enhance the health status of workers in small companies, we consider that not only the health status of workers of small companies but also that of workers from the entire range of small to large companies should be clarified with respect to their health management systems, including the presence of occupational health personnel, and health management activities. However, the efficiency of such health management systems on the health status of workers has not hitherto been clarified by investigating both simultaneously. In addition, regional differences, types of enterprise, and differences in measured parameters and methods may all introduce considerable bias. With this possibility in mind, in the present study, we investigated, using the same method for all company groups in the same area, the health status of workers as well as the resources available for occupational health management and compared them on the basis of company size. On the basis of the obtained results, we propose measures to enhance the health of workers in small and medium-sized companies.
Materials and Methods

Selection of subjects
All of the study participants were selected from a steel manufacturing plant located in a metropolitan suburban area in Japan. This steel plant has multiple blast furnaces and manufactures various steel products from raw materials imported from overseas. In this steel plant, many subcontractors are engaged in activities such as steel production, equipment maintenance, sales and marketing, software engineering services for the computerized management of the blast furnaces, logistics, and processing of by-products. A Safety and Health Conference, made up of 67 leading companies is responsible for liaison between companies and adjustment of safety and health management practices. A group of companies comprised mainly of primary subcontractors have organized the Safety and Health Conference. These companies range in size from fewer than 50 to more than 1,000 workers. The conference deals with issues such as emergency contacts and countermeasures, notifications of establishment or modification of laws and regulations, organizes workshops for health managers or promoters, and coordinates joint patrols by health managers and managerial staff. The present study focused on the companies participating in the Safety and Health Conference, because the level of safety and health activities was assumed to satisfy certain standards. Furthermore, to better understand the situation of small companies (especially those with fewer than 50 workers), less than secondary subcontractors having stable contracts with the main contractors were also included in the investigations. In general, the status of such subcontractors is so unstable that it is impossible to determine with any accuracy even the number of companies and workers. For reference, however, the total number of workers in the steel plant was about 12,700 to 13,200 in 2003. The number of workers was ascertained by the safety control department of the steel company every month, but these figures encompassed only those working for 6 months or longer in the steel plant. Consent for these investigations and effective replies could be obtained from 48 companies (10,055 workers) participating in the Safety and Health Conference and 35 less than secondary subcontractors (1,789 workers). The total number of workers receiving health checkups in these 83 companies (11,844 workers) amounted to 11,158. All 929 women (8.3% of the total) were excluded from the analysis because of their small numbers. All subjects aged less than 40 yr were also excluded because their blood chemistry data were not available. The blood chemistry data of workers aged 35 yr were excluded due to their small number (n=180, 1.6%). After these eliminations the final number of subjects used in the investigation was 6,480 men aged 40 yr or more.
Company questionnaire
In the summer of 2004, we conducted a selfadministered questionnaire survey among the health administrators or health and safety promoters (or if neither was designated, the supervisors) of the companies which had agreed to participate in this investigation. The questions pertained to (1) basic information on the companies, (2) health management organization, (3) active individual guidance regarding the results of the health checkups or health conditions of workers, (4) the amount of time spent by the health managers on health management, and (5) the amount of time spent by occupational physicians and nurses on occupational health activities. The number of workers, type of work, and kinds of hazardous activities were investigated as part of the basic information of the companies. For information about health management, the frequency of meetings of the health committee or the safety and health committee was determined. For information about working environment measurements, we determined the presence of equipment, belonging to own or other companies, necessary for measuring of the work environment, and access to information about the work environment from other companies. For the amount of time spent by the health manager on health management, we investigated the time spent on patrols for health management, industrial hygiene education provided for operation chiefs and workers engaged in hazardous operations, i.e. organic solvent, noise, ionizing radiation, and other particular hazards, health education, and tabulation of workers' health status. For the amount of time spent by occupational physicians and nurses, we calculated the time spent on workplace inspections, attendance at health (or safety and health) committee meetings, industrial hygiene and health education, confirmation of health checkup results, work-related health counseling, and health guidance.
The companies were divided into 4 groups according to the number of workers employed by them(a, 1-49 workers; b, 50-299; c, 300-1,000; d, 1,000-2,999) to obtain approximately equivalent distribution of the subjects. Companies employing 1-49, 50-299 and 300-2,999 workers were defined as "small", "medium" and "large".
Extraction of health checkup information
From each of the companies for which usable replies were obtained by the above-mentioned questionnaire, the health checkup information of 2003 was extracted from the database of the health management system of a single health management center. This contained the results of health checkups, clinical history, and information about drinking and smoking habits. The information on the clinical history and drinking and smoking habits was derived from a questionnaire filled out by the subjects themselves at the time of the health checkup. Smoking habits were classified as current smoker or not. Drinking habits were classified as consuming of 175 g of alcohol or more per week or not. This information was then combined with the information about the company in which the workers were employed.
In addition, the steel company and subcontractors provide health checkups as required by the Industrial Safety and Health Law in the health management center contiguous to it. A nurse performed all body measurements, and measured blood pressure in the upper arm with an automated sphygmomanometer after a 5-min rest. Random blood samples were collected in the non-fasting state without any restrictions regarding meals. For this reason, blood glucose (BS) and triglyceride (TG) were excluded from the analyses. Moreover, the accuracy of the biochemical examinations of blood was checked by multiple nationwide control surveys. All items of the health checkup satisfied the rules and regulations of the Industrial Safety and Health Law, and biochemical examination of blood was uniformly performed for all workers aged 35 yr and 40 yr and over.
Statistical analysis
The numbers of workers with cerebrovascular disease, cardiac disease, renal disease, hypertension, diabetes mellitus, hyperlipidemia, liver disease, smoking habit and alcohol consumption were determined by the questionnaires in each company size groups. The respective prevalences were then calculated and the respective trends with company size were tested by the Cochran-Armitage test using those representative class values. Workers with disease were considered to be those who on the questionnaire answered that they had a disease for which they were currently receiving medical treatment.
After excluding those workers being treated for the above-listed conditions, 5,244 subjects were available for the calculation of several continuous variables. The ageadjusted geometric mean (GM) and geometric standard deviation (GSD) of body mass index (BMI), systolic and diastolic blood pressure (SBP and DBP), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γ-GTP), total cholesterol (TC), and HDL cholesterol were calculated and compared among the company size groups using analysis of covariance (ANCOVA). Age was used as a covariate. We used SPSS13.0J (SPSS Japan Inc., Tokyo, Japan) and R (Cochran-Armitage test, R Development Core Team, Vienna, Austria) 6) , with P values <0.05 considered to be significant.
We informed the companies about the purpose and content of this investigation and obtained each worker's prior consent in accordance with "The ethical guidelines about epidemiology research" 7) (June 17, 2002). To safeguard personal information, we excluded all information specific to individuals (e.g. personal name, ID) from the data of the health checkup, and provided each subject with a separate unlinked ID so as to prevent identification of specific individuals. The study protocol was approved by the ethical review board of the Graduate School of Medicine, Chiba University.
Results
The number of companies, number of male workers aged ≥40 yr, and mean age according to company size are shown in Table 1 . The mean age ranged from 49.7 to 54.0 years, with those of groups a to c being significantly higher than that of group d by one-way ANOVA. Moreover, the mean age in group b was significantly higher than those of the other groups.
The prevalence rate and smoking/drinking habits according to company size group are shown in Table 2 . There was a significant trend to higher prevalences of diabetes and hypertension, and lower prevalences of renal disease and hypercholesterolemia in smaller companies. On the other hand, no significant differences were found in the rates of smokers or drinkers consuming 175 g of alcohol or more per week among the groups.
The group comparison of BMI, blood pressure and blood biochemical examination results according to group is shown in Table 3 . BMI, DBP and HDL differed significantly among company size groups by one-way ANOVA. Group d, representing the largest companies, had significantly higher BMI vs. group a, and significantly higher DBP vs. group c.
The health management practices are summarized in Table 4 . Most companies, not only those with ≥50 employees required by law to hold health committee meetings but also those with fewer employees, held health committee meetings. Moreover, participation as observers in the health committees of other companies was a frequent practice too. The implementation rate of working environment measurements was generally high. The rate of holding health and industrial hygiene education meetings at one's own company was low in group a, small companies, but the rate of participation in such meetings held by other companies or external institutions was high. The rate of implementation of health checkups was generally high, with no tendency to decreasing implementation rate with decreasing company size apparent.
The numbers of health managers (or health promoters), occupational physicians, and nurses as well as the amount of time spent by them according to company size are shown in Table 5 . We obtained answers from 83 companies employing 11,844 workers. Health managers spent the most time per worker in group a, and occupational physicians spent the most time per worker in groups b and d. Occupational physicians spent a mean of 0.13 h per year per worker out of the total group studied, as calculated from the total study numbers.
Discussion
A number of reports have described surveys on the industrial health management of Japanese small and medium-sized companies. Sugimoto et al. 8) conducted an interview survey on the health management services provided to workers employed in small-sized companies in one city of Osaka Prefecture in 1986. Of the 526 companies contacted, 26 refused to cooperate, and 462 companies (including 3 companies with 50 or more workers) agreed to participate in the survey, corresponding to 40% of the total companies with fewer than 50 workers in the target area. Comparing groups of companies according to the number of workers employed (1-4, 5-9, 10-19, 20-29, 30-49), the rate of implementing periodic health checkups was high at 81% of the total, but in only 10.7% of companies were all legally stipulated items on the checkups investigated, and in the majority of cases only a chest x-ray was performed. For companies with 1-5 workers, 29.7% did not provide any health checkups at all, with this rate decreasing as company size increased. The rate of attendance at lectures on occupational safety and health was 23.1%, the rate of designation of a health manager was 18.2%, and the rate of work-related health counseling (i.e. personnel relocation or change of work due to changes in worker health status) was 36.0%, with all of these rates decreasing with decreasing company size. Fifteen percent of companies had physicians available nearby for health management consultations, and this rate was not related to company size. Because the authors visited each company directly, this on-site investigation of Sugimoto et al. is thought to be particularly valuable.
Tobe et al. 9) conducted a questionnaire and telephone survey of the 4,432 manufacturing companies whose names appeared on a list of factories in Kawasaki city in 1989 (90.2% response rate). The implementation rate of health checkups was 100% in the companies employing 100 or Table 3 .
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Size groups N GM (GSD) Post GM (GSD) Post GM (GSD) Post GM (GSD) Post GM (GSD) Post GM (GSD) Post GM (GSD) Post (max-min) hoc* (max-min) hoc* (max-min) hoc* (max-min) hoc* (max-min) hoc* (max-min) hoc* (max-min) hoc* a. more workers, but decreased with decreasing company size. It was particularly low in the companies with fewer than 10 workers, and was only 37.7% in those with 1-3 workers. The proportion of workers younger than 30 yr decreased, while that of workers over 60 yr and of women both increased with decreasing company size. Futatsuka et al. 10) , Hirata et al. 11) , and Furuki et al. 12) conducted investigations on the industrial health management of small and medium-sized companies using questionnaires, with all of them noting decreased health checkup implementation rates and inadequacies in the setup for occupational safety and health management. Also, the Japan Society for Occupational Health has organized since 1963 a study group on health issues in small and medium-sized companies, which has focused on the condition of industrial health and the finding of solutions to related problems. This study group has also addressed the issues of industrial accidents, inadequacies in the setup of health management, and poor work environment [13] [14] [15] . In this way, hitherto conducted research has strongly highlighted the existence of areas of concern in industrial hygiene in small and medium-sized companies. The most recent comprehensive investigations in Japan on industrial health in small and medium-sized companies are the industrial accident trend survey 16) , and the survey of worker's health situation in 2002 5) conducted by the Ministry of Health, Labour and Welfare in 2002. In these investigations, the frequency rate of injuries not resulting in lost work time, that of injuries resulting in lost work time, and the rate of severe injuries all increased in a linear fashion in parallel with decreasing company size. The implementation rate of health checkups, the rate at which checkup results were received, and the rate at which no findings in health checkups were noted all decreased with decreasing company size. Moreover, the rate of non-implementation of health checkups and the rate at which companies imposed the cost of health checkups on the workers themselves increased with decreasing company size, with the rate of non-implementation of health checkups amounting to 15.9% of the companies employing 10-29 workers. The implementation rate of special health examinations (organic solvents, specified chemical substances) decreased with decreasing company size, while conversely the findings in special health examination rate increased. The implementation rate of working environment measurements decreased with decreasing company size. The rate of implementation of various occupational health services, (i.e. screenings for cancer, complete medical checkups, health promotion activities, provision of mental health care, securing of specialized staff for health promotion or mental health care) decreased in a linear fashion with decreasing company size. Although this investigation by the Ministry of Health, Labour and Welfare consisted of a questionnaire survey, it was extremely large in scope focusing on about 12,000 companies, and thus can be considered to reflect quite accurately the actual conditions of industrial health in small companies in Japan.
Hirai et al. 17) reported the prevalence of hypertension not using a questionnaire method but rather the results of health checkups as related to company size. They found that the prevalence of hypertension in companies with fewer than 50 workers tended to be higher than that in companies with 50 workers or more regardless of the type of occupation. We have been unable to find any other similar report in which any indices of health status as related to company size were assessed directly by the same standard.
In the present study, we compared the health information of companies in the same district, grouped according to size and belonging to the same health checkup organization, with the same measuring methods. This study design was deliberately chosen so as to minimize the various confounding factors that arise when making comparisons of worker health according to company size. We compared the health status of workers by determining the prevalence of various diseases and the geometric means of various health checkup items as related to company size. The prevalence of disease was not consistently higher in smaller companies, nor did the health checkup results tend to be worse in small companies. Thus, we did not find that worker health status was notably inferior in the smaller companies. Our findings in this regard are inconsistent with those previously reported, with this discrepancy mainly attributable, in our view, to the fact that in the companies targeted here, no marked differences were present in health management organizations or health management activities irrespective of company size, with a certain standard being maintained even in the smaller ones. As all of the companies were affiliated with a large company, they carried out the health checkups stipulated by law regardless of their size, and organized systematic activities for occupational safety and health as well, including the holding of health or safety and health committee meetings, measurements of the working environment, and educational activities for health or industrial hygiene in accordance with the law. On the establishment of the target steel plant, a management system for occupational safety and health was transplanted from another existing steel plant, and at the same time, the Safety and Health Conference was organized to contribute to improving the management system for safety and health of the plant. Thus, the target enterprises in the present study have worked in close contact with regard to safety and health problems since the establishment of the steel plant. The actual measures include dispatch of advisors and the organization of round-table conferences for safety and health. For the management of safety and health, the prime contractor first draws up a plan for the year, and then requests the submission of plans from each subcontractor. In addition, appropriate help and instruction are provided by the department of health and safety of the prime contractor and by the Safety and Health Conference. Altogether, these findings demonstrate that even in small companies, provided that the necessary work hygiene system is maintained and appropriate health management activities are undertaken, worker health need be no inferior to that in large companies.
As was also noted in a report of the Ministry of Health, Labour and Welfare in 2002, it is clear that deficiencies exist in health management organization and there is an insufficiency of industrial health services in small companies. It is reasonable to assume that such situation is related to the higher prevalence of positive findings of various health status indices observed for workers of smaller companies. However, in the present study, there are some problems in accepting the results in these companies grouped according to worker numbers. One major problem is that only companies with stable contracts could be investigated. Since many tertiary or further removed subcontractors, whose number is constantly fluctuating, existed in this steel company, it was impossible to determine the total number of companies. In this investigation, we could survey 83 companies, made up of 48 of the 67 companies belonging to the safety and health conference and 35 secondary (or further removed) subcontractors. These companies appeared to be stably managed and to satisfy a certain level of health management organization and health management activities. The workers available for the present analysis were considered to represent approximately 85-88% of the entire workforce in this steel factory. However, the large companies, employing 300 workers or more, comprised over 10% of the studied companies ( Table 1) . As noted above, this is a much larger proportion than the Japanese national average (0.3%). This may have prompted such large companies to support the small-and medium-sized companies in the same steel plant.
On the other hand, many small companies were engaged in construction and other tasks in this steel factory on a temporary basis. Any worker seeking employment at the steel factory was required to provide his health checkup results from the preceding year, and when this was not feasible to newly undergo a health checkup. Based on the results, workers at high risk of adverse health outcomes had their work restricted or terminated. In this way, of the 4,988 workers undergoing this health checkup in 2003, the employment of 810 was restricted and that of 197 workers was terminated. It is difficult to accurately determine the implementation rate of health checkups in these companies, but because in some groups the checkup implementation rate was clearly inadequate and the proportion of workers whose work was restricted or terminated was high, the health status of such workers can be surmised to be extremely low.
It is estimated that 12-15% of the total number of workers in the steel factory could not be evaluated. The industrial health management system and health management activities in their companies were inadequate as compared to those of the companies focused on in this study. It is surmised that the health status of the workers in these companies is low as shown by the results of the health checkups for temporary workers at the start of employment. This study clarified that it is unreasonable to discuss the issue of worker health in small and mediumsized companies according to company size alone, since it also vital to distinguish companies by the stability of management and adequacy of their industrial health management organization, both of which may differ greatly even in companies of similar size. It may be no exaggeration to say that the health of workers in small and medium-sized companies is directly related to the stability of the management of the company, with the views of company managers also exerting a major influence.
A limitation of the present study is that other conceivable confounding factors such as information on the type of job, hazardous operation, eating habits, habitual exercise, educational status and health promotion practices were not available. When interpreting the present results, we must also consider the "healthy worker effect" whereby the general level of health appears to be higher than it is in reality because workers in poor health at small companies are more likely to be fired or resign. However, most of the companies examined here based the length and other conditions of sick leave on the regulations of the steel company. Moreover, in the study of disease prevalence, workers were found to be receiving medical treatment for cerebrovascular disease and cardiac disease in companies of every size. Although this investigation was cross-sectional in nature and would require a longitudinal study to draw more accurate conclusions, the factor of employment termination due to ill health appeared to be controlled, making it unlikely that a healthy worker effect greatly affected the results.
In conclusion, in small and medium-sized companies maintaining a certain level of industrial health management organization and offering adequate health management activities, the health status of workers did not differ appreciably from that of workers of large companies. To enhance worker health the preparation of an industrial health management organization is vital, and to ensure this, stability of companies' economic foundations is essential.
